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Abstract. In this paper we analyze the set of the variable Adriatic indices. We show that three of these in-
dices show very good predictive properties. Namely, the inverse sum -1.95-deg index is well correlated 
with the standard enthalpy of formation of octane isomers  2 0.75R  , the inverse sum 0.43-lodeg index 
is well correlated with the total surface area of octane isomers  2 0.92R   and the sum 0.37-exdeg index 
is well correlated with the octanol-water partition coefficient  2 0.99R  . (doi: 10.5562/cca1666) 
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INTRODUCTION 
Let G  be a simple connected graph. Denote by  V G  
the set of its vertices and by  E G  the set of its edges, 
respectively. Let us observe two vertex invariants: 
1) vd  degree of vertex v - number of edges incident to 





D d u v

  , where  ,d u v  is distance be-
tween vertices u  and v , i.e. the length of the short-
est path between vertices u  and v . 
The set of 48 variable Adriatic indices is defined in Ref. 
1 by the following procedure (motivation of the defini-
tion, choice of functions, and restrictions on a  are 
commented in due detail in Ref. 1): 
 
Procedure. Variable Adriatic Indice 
1) Choose invariant vp  to be vd  or vD ; 
2) Choose numbers  1,2,3i  and  1,2,...,8j ; 
3) Choose  \ 0a if 2i   and  1,2,...,5j ; 
otherwise if 1i   or 2 choose a   and if 3i   
choose  \ 1a  . 
4) Calculate       
 
, ,,i j a u j a v
uv E G
A G γ p p

    . 
where: 
    1, log , 0aa x x a  ; 
    2, , \ 0aa x x a  ; 
  3, xa x a , 0a  ; 
  1 ,γ x y x y  ; 
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One can note that some famous molecular descrip-
tors such as the Randić index2 and the Zagreb index3 are 
variable Adriatic indices. Namely, the Randić index is 
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obtained by the use of the functions 2, 1/2ψ   and 1γ ; and 
the Zagreb index is obtained using functions 2,1ψ  and 1γ . 
In order to analyze the predictive properties of 
these indices, we use (similarly as in Ref. 1) the bench-
mark sets4 proposed by the International Academy of 
Mathematical Chemistry.5 
Namely, we observe four sets of chemical com-
pounds: 
1) the set of 18 octane isomers 
2) the set of 82 polyaromatic hydrocarbons (PAH) 
3) the set of 209 polychlorobiphenyls (PCB) 
4) the set of 22 phenetylamines (Phenet) 
16 properties and 102 descriptors are given for the 
set of octane isomers; 3 properties and 112 descriptors 
are given for PAHs; 8 properties and 106 descriptors for 
PCBs; and one property and 110 descriptors for the 
phenetylamines. 
We exclude melting point from our observations 
since it does not predominantly depend on graph of the 
molecule. 
We shall compare the best coefficient of determi-
nation of the one-parameter linear models based on the 
variable Adriatic indices with 
1) the best coefficient of determination 2R  (equiva-
lently correlation coefficient R ) of the one-
parameter linear model based on the descriptors in 
the benchmark sets; 
2) the best coefficient of determination 2R  (equiva-
lently correlation coefficient R ) of the one-
parameter linear model based on the discrete Adria-
tic indices.1,6 
Note that this comparison is not completely fair. Name-
ly the linear one-parameter models based on “non-
variable” descriptors des depend on only two parame-
ters to predict observed property prop ; namely 
prop k des l    depends solely on k  and l . On the 
other hand, variable descriptor  des a  depends on three 
parameters to predict observed property prop , namely 
 prop k des a l    depends on ,a k  and l . Hence, the 
same 2R  does not imply equally good predictive proper-
ties, because here we have one fitted parameter more. 
Moreover, suppose that we observe the situation in 
which some discrete Adriatic index has better predictive 
properties than the benchmark descriptor. In this case, it 
is very much expected that the corresponding vaiable 
Adriatic index will make some improvement to 2R .  
Taking all of this into account, we are not interested 
in variable Adriatic indices that make modest improve-
ments of 2R , but only in descriptors that make signifi-
cant improvements to 2R . It will be shown that there are 
three cases in which a large improvement of 2R  occur. 
 
MAIN RESULTS 
Note that in the Adriatic descriptors, parameter a  is 
chosen from an infinite set of values (moreover from the 
set of values of cardinality c , i.e. the cardinality of the 
set of real numbers). Hence, it is not possible to calcu-
late the correlation for each of these values. Mathemati-
cal optimizations of 2R  would be quite involved and 
the solutions of obtained equations would not be exactly 
solvable for most of these descriptors (since they in-
volve logarithms and exponential functions). Hence, we 
use the following strategy. We restrict ourselves to 
some (sufficiently large) discrete set of values. In our 
case, we use the following set 
 5.01, 4.99, 4.97,..., 0.03, 0.01,0.01,0.03,..., 4.97,4.99,5.01    
 
rather than entire set of real numbers. 
In the following four tables (Tables 1–4) we sum-
marize the results (obtained using C++ program) of the 
Table 1. Analyses of properties in the set of the octane isomers 
property  highest 2R  for one-parame-
tric linear models based on-
benchmark set of descriptors 
 highest 2R  for one-parame-
tric linear models based on 
discrete Adriatic indices 
 highest 2R  for one-parame-
tric linear models based on 
variable Adriatic indices 
boling point 0.78  0.73  0.77 
heat capacity at V constant  0.50  0.76  0.76 
heat capacity at P constant 0.59  0.64  0.69 
entropy 0.92  0.91  0.93 
density 0.59  0.91  0.93 
enthalpy of vaporization  0.89  0.91  0.91 
standard enthalpy of vaporisation 0.92  0.97  0.97 
enthalpy of formation  0.83  0.79  0.83 
standard enthalpy of formation  0.67  0.60  0.75 
motor octane number 0.93  0.96  0.97 
molar refraction  0.98  0.93  0.99 
acentric factor  0.99  0.99  0.99 
total surface area  0.72  0.78  0.92 
octanol-water partition coefficient 0.29  0.36  0.99 
molar volume 0.55  0.90  0.91 
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comparison of the best correlations of the one-parameter 
linear models. In the second column, the highest 2R  
value for one-parametric linear models based on 
benchmark set of descriptors is given. The highest 2R  
for one-parametric linear models based on discrete 
Adriatic indices is given in the third column. In the last 
column the highest 2R  for one-parametric linear models 
based on variable Adriatic indices is given. Detailed 
tables with the names and values of these descriptors 
can be found in the supplementary materials. 
The analyses of these four tables show that there 
are significant improvements only in the first table (i.e. 
when octane isomers are considered). These improve-
ments correspond to the following three properties: 
standard enthalpy of formation, total surface area and 
octanol-water partition coefficient. 
The result for octanol-water partition coefficient is 
especially interesting. Note that there was a very low 
correlation between this property and each of the indices 
in the benchmark set. Also, the discrete Adriatic indices 
made some progress, but the correlation coefficient was 
still very low. Contrary to this, an almost perfect correla-
tion has been obtained for the sum 0.37-exdeg index. 
We present these correlations in Table 5 (in the 
left column we present predictions by the best predictor 
in the benchmark set and in the right column we present 
predictions by the best predictor among the variable 
Adriatic indices; on each of the drawings 2R  is given). 
From Table 5, it is obvious that the inverse sum -
1.950-deg index, inverse sum 0.43-lodeg index and sum 
0.37-exdeg index strongly correlate properties of mole-
cules with their structure, and therefore, they may be a 
step forward in QSPR studies. 
Note that each of these indices can be reformu-
lated as: 
 




uv E G i ju v
m G
d d i j      
 
    
   
 
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d d i j   
 
    
   
 
 
   
1
0.37 0.37 0.37 0.37u vd d i j ij
uv E G i j
m G
   
      
where   is the maximal degree of graph G  and 
 ij ijm m G  is the number of edges incident to vertices 
of degrees i  and j . This is interesting, because num-
bers ijm s have been extensively studied.
7–17 Further, the 
sum 0.37-exdeg index can be reformulated as: 
 
 
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d
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Table 2. Analyses of properties in the set of the polyaromatic hydrocarbons 
property  highest 2R  for one-parame-
tric linear models based on-
benchmark set of descriptors 
 highest 2R  for one-parame-
tric linear models based on 
discrete Adriatic indices 
 highest 2R  for one-parame-
tric linear models based on 
variable Adriatic indices 
boling point 0.98  0.98  0.98 
octanol-water partition coefficient 0.94  0.92  0.94 
 
Table 3. Analyses of  properties in the set of the polychlorobiphenyls 
property  highest 2R  for one-parame-
tric linear models based on-
benchmark set of descriptors 
 highest 2R  for one-parame-
tric linear models based on 
discrete Adriatic indices 
 highest 2R  for one-parame-
tric linear models based on 
variable Adriatic indices 
relative retention time 0.96  0.97  0.97 
octanol-water partition coefficient 0.93  0.92  0.93 
total surface area >0.995  >0.995  >0.995 
log Henry constant  0.71  0.40  0.46 
log water solubility 0.94  0.94  0.94 
log water activity coefficient 0.83  0.83  0.83 
relative enthalpy of formation 0.67  0.55  0.62 
 
Table 4. Analyses of properties in the set of biological activity in the phenetylamines 
property  highest 2R  for one-parame-
tric linear models based on-
benchmark set of descriptors 
 highest 2R  for one-parame-
tric linear models based on 
discrete Adriatic indices 
 highest 2R  for one-parame-
tric linear models based on 
variable Adriatic indices 
biological activity 0.54  0.57  0.58 
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Hence, this index can be observed not only as a bond 
additive index, but also as a vertex additive index which 
is much more simple. Further, if we denote by in  the 
number of vertices of degree i , this index can be re-
formulated as: 
  1
0.37 0.37ud iu i




     . 
In the case of chemical graphs, this reduces to: 
Table 5. Predictions made by the best descriptor in the benchmark set and by the best predictor in the set of  variable Adriatic 
indices for octane isomers. 
standard enthalpy of formation 








total surface area 




log logu vuv E G d d 
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octanol-water partition coefficient 
superpendentic index sum 0.37-exdeg index: 
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2.3 2.31 2.32 2.33 2.34 2.35 2.36 2.37 2.38 2.39
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4
1 2 3 4
1
0.37 0.37 0.274 0.152 0.075 .i i
i
i n n n n n
=
⋅ ⋅ ≈ ⋅ + ⋅ + ⋅ + ⋅∑  
Hence, this is a very simple and efficient predictor for 
the octanol-water partition coefficient. 
Supplementary Materials. – Supporting informations to the 
paper are enclosed to the electronic version of the article. 
These data can be found on the website of Croatica Chemica 
Acta (http://public.carnet.hr/ccacaa). 
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